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(57)Abstract: 

PROBLEM TO BE SOLVED: To prolong a service life of 
a nitride semiconductor element and improve the 
reliability of the element by improving the quality of a p- 
type conductive layer, which the cost of the element is 
reduced and the productivity of the element is improved 
by making a heat treatment after the growth 
unnecessary. 

SOLUTION: A nitride semiconductor laser is constituted, 
by successively forming an undioped GaN base layer 12, 
an n-type GaN contact layer 1 3 f an n-type AIGaN 
current injecting layer 14, a GaN light guide layer 15, an 
InGaN active layer 16, a GaN optical guide layer 17, a p- 
type AIGaN current injecting layer 1 8, a p-type Gan 
contact layer 1 9, and a p-side electrode 22 on a 
sapphire substrate 11. The surface oxygen concentration 
of the p-type GaN contact layer 19 is set to <5 x 1018 
cm-3, and the maximum value of the oxygen 
concentration near the surface of the layer 19 is set to 
a quintuple of the in-surface average oxygen 
concentration of the layer 1 9 or lower. 
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A («85) . ^*3fc««co4jS^^Sl»»^»Hl-C 
**yr#;**«9co, co 2 <Dj&g^H 2 wiftg, g 

CJilf*4«i£lfc (V/III ) *fflSW* j£ 

tztikti. PiJSffit^3y^^hs«:co« 

tt, flMHfcWJtffcftJ:-*-*. 
[005 1] 

[0052] miwmiMB) am, *^#o*i 

SSL^VN'y7rJ15:^t, TV K-TGaNTttSfl 
12, nSGaNny^hJf 1 3, nlAIGaNf 
SS&AJ1 14, Ga Wfctfj FJI 1 5 , InGaNJgtt 
Ml 6, GaNjfe^M KJB1 7, pSA I GaN«ffia 
AJil 8SlAplGaNa^?Ml 9#Jf&, 

[0053] ZCD&MWSlis fO-S^plGaNn 
hll 9«iiiKnlGaN3y^?Ml 

ft, ^ft.fc:J:0RJn$flfcGaN3>'^^h®13±fc: 



linH«S2 0jW»ft&h.-O>4. 
[ 0 0 5 4 ] fit, i** 'J rxr^T*4fi«EW*:^ 

fgLm&tmMZit&mt, f&gmmwf-m&to 
ziMimMgmwmmzm 

[ 0 0 5 5 ] ^JiflKtm*$n^V^O P S 
GaN3W hJil 9±fctt^S£&J&*>fc«H7)S i O 
2 «2 l#)8iKW£JBj£3;h., ^^S i 0 2 Jg2 l&tf 

P iGaN3^^ hmi 9±iz P mmm2 iimf& 

[0056] *mmBiz%bz*mfti<-fte. z<d 
x o izmmMiznmmmx/pWMm^ ix^i . 

[00 57] frfc, mittflBfit«^ pSAlGaN 
m^aA« 1 8RV pIGaND^? M 1 90J&S 

[ o o 5 8 ] mz. a±(7)X o %¥mtt.v-v<rmm> 

[0059] Z<7¥mWU-Vii. m$a<7)MOC VDffi 

tT, bVX+tl'tfVVJ* (TMG ) . h'J>f-^T;P 

(TMA) , MJ^f/H^A (TM 
I ) , b'X^^n^y^^xzi^^^A (Cpj 
Mg ) j&HWIJ&k*. ^m^t LTJi, T^-T 

(nh 3 ),-/?y(siH 4 ) *<ffiffl§ni». 
r^'xt ixiixmRvmmtmmziiz. 
[0060] i-r, -t7r^rs«i ni, imm?R 
vmftzivzm. MocvDna^ixicMrttc-c, x 

r-(7S«(l l(i, ^EfcT, *^2 5L/^g[* 
•^A$ixS#H^*T, SSI 2 0 0-CTftl 0* 

[006 1]<XV^"C, ^7r^ra«l l±fc, 550 

1 lOCC, ^r-v';r^fcLT*#* J 20. 5L/# 
raSil, 7>*-Ttf9. TMGtflOO 
cc/^g|a-C6 0^iafit*&$it|,C:tKi'}, A'v 
7Tlitryh'-/GaNTill 2A^§it6. 
[0062] SiH, *«1 Occ/^aaT- 

lS^il^^tfcJ:'?, n!GaN3y??H13j!« 
f££ix, ^^T, TMA^6 0cc/^-TS[$ni.^t 
tCiO, nSAl GaNm^&AJf 14A*|£3it!». 
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ZZT. SiH 4 &VTMAmte1¥±bZtl. GaN 
KiM mi 5i)K miEL^ryH-TGaNTMl 
2 fc FMKaj&£&ft-C»lft<( ft* . 

[0063] %<r>Vk, ^<mffi§Jg.tf7 8 0*C4-C^iS 
SfU *+y7#*#g§St2 0. 5L/^fcWife 
*U Ty^^T*»*9. 5L/fl\ TMG#9cc/fl\ 
TM I #4 6 5 c c/^»S*t'»3 OtfmASil* 
CkfcJl'K I nGaNvSttJfl 6#$j£;*ft6. 

[00 64] I nGaN?S1tJll 6<D$j£&, ffiSiag 
AW 110 0 , CC#iBS*U 110 O^CtCjiUrk 
§ . * * U TXf 2 0.5 /4J-fcfl»t 

fl. GaNM'f K*l 7#. GaN£#4 Ffll 5k 

[00 6 5] GaN3t#4KJf 1 7Ji s 
lt*I.InGaNil 6£SiS<0*3tfc£A>-t,r kfc 

[0066] &&<Oj£JI^&im&®gt£tt&*¥ 
Wk. fi^fiM3SJtKWl~2k<03^®«aft^ 

[00 67] [AfM] *W9l(3«vv p9£«fl*ff 

[0068] GaNM'f HJB 1 **VT 
tfXtf9X2 0 . 5 L/frfcflft* TV*-T1fi 
9. 5L/4K TMGtfl 00cc/4K TMA#6 0 
c c/#. »Vp2Kwt>'MlW)C p, Mg#25 
c c/ft&teZtl. GaNJW-f H®1 7±fc, 0. 2 
5Mmff<?5pSA 1 GaN^SS&AJil 8 #90)83*1 
h. ttz. C P j Mg&5 0cc/ftliZtmaZtl. 0. 
7^mf^pIGaN3>^?Ml 9*^J^5ilS. 

[00 69] {IL, ±^-r 'J r^fXT-fcS^lW^- 

[0070] pSfiawojfcsaefctjvvc. ± 
y 7#xk urfflv^a*ic»t6 ry*-r^ 

(NH 3 )«0Jtl±0. 5ftj£a*J§Ks 0. 1-1 0<9® 
[007 1] P fGaN3y^M19« 318 



sn. SKai&tfsftiEtasJifc. fit. 7^-70 

&&l;t£«&KA { 3 5 OXX&Lfc&fcffjtSftS. 
[007 2] [JttSMl]fl»kFWkO*»T*6. IP 

7#Xk LT*S£fflVtf:t><0-e*>6. 

[0073] [ jhm 2 ] ma> iiz*mommiit 
pacawio«fiaffifcT±^u7^fc: 

[0074] mm 

<03«R<0KHfcOV^T. c-v«e*ff4vv pse 

««<07^-fer^aKt«etfc. 
[0075] **mm, Mtmomu*. mmmtx- 

G a NStft&AJI 1 8 (27? -b7*?ttK4<6 X 1 0 » • c 
m- 3 Th*). p!GaN3^?Ml9«7?W 

®g#9x i o i8 cm-3TS>^. BP*>. jwwi*>k»"c 

fct* ffpaHSOJf 18. 19^CMg*«7?-fer?kt 

[0076] -3u itttH ifttfjt«W2«>RfKi. g& 
5 ox:, 3o*s. mmifc®. wwcc-vaje* 

?f=5:ofcki6. pSAlGaN«SSitASl8»i7? 
•fer?i8g*i4XlO' 8 cm-sk^0. plGaNay 
9(27?-fer?®g**4X10 18 cm-3k^ 
oT. Mg**7?4r7?kUTSttfkLTV^. 

[007 7] ( I-VHfc) -*» ^n^»3ffl®OlS1Sf 
fc«U ffi*H«fc:, nMmffi2 0aVpS«ffi2 2$r 
^fiJctTH 1 K«t1l!fi«IW}KBSMLfc. 

[0078] A*MOSHttlS^<2. ftffft*- 5 -/ 7 

[0079] ItKW 1 Rt/lt«^2«mffif+M« 

[0080] <ix-HfjaB»tt)afc. i*ii»3aw<o 

LJt. 

[0081] BP^. ClilA> 3«SS<0SffiftSt*f ( >>X/n 
-) K3 5 0iuin^«S(C^§n$nTmS?- 

[0082] ftfMW)i|s«*P-«Jt, Hrf^JE 5 V, 
t^vmslffiKSkA/cm* tcfcV^T, »^4 2 0 
n ma&aattMRtfftfeilfc. 

[0083] lfc«W 1 Sr/JtW2c0^#;lx- 
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[oo84] (mm<wmim»m ^ 

g) , **(H) , K*(c) . Ig£ (O) 
ft*!!**:. 

[0085] JHtfJaKflfct* 02(a) £5j*t X 0 
fc. Mg«^<&$;fr|6jfc&^Ti&5x 10»cm-'t 

TER ( 2 x 1 0»« c m-« ) «TT* 0 . JfcMHWHirc 

S* { JKSJIrtT' 2 x 1 0 » c m-»ggT— J&C* -> fc . 

[0 0 86]-^, immwimM2ii. 02 

mmumtm&tzft 5 x 1 0 19 c 
[0087] a*. iffiMiRVimm2it. mm® 

H, *SSKtftt4x 1 0''c»-»T*.oft. it 
«Wl&tfii3KH2fcL 

fcJaWamifcfflTIR ( 2 x 1 0» 8 c m-3 ) JjTFTi) 
AMMnrCii»3xiO» cm-* 2:^-9 

3 O^JD^T t . jftJtMtftlV? tt3 x 1 019 c m - 3 g 

[ 0 0 8 8 ] $ & fc, jtsw 1 &txjt«w2«, mm 

H«iM6& t l**)irt'Ctt3 x 1 0''cm-'t-Jg 

(C, 0J*«gjW£fl£ffl'C8x 1 0 13 cm-«« 
iDLT^Jt. Jt«^l&tfJi3RW2-Ctt, 
fuiOig«aiKI±«iaiTK ( 1 x l o» c m-« ) OTT* 
«MSltti4«iif*3fiT»7x l 0>8cm-3^ffi 
Sfufc. Srfc. ^Wf«!!lamoi^^i«co^7xlO ,8 

[0089] < mmfo<o^mmtifi )vaz.m 
mtmwtmm 1 wkbkov vc . s i m sawc 

* <c) , us (o) . ** (h> . a* <si > izm 

LXH**:. -I ft *>CDIS*£ 03-01 Otijct. & 

izm h a *j v y m t wm t <rmmr- 7mz&} * . 

[0090] AfMfOttfKi. 03 . 04 . 05&t/0 
6(£ir4-£3fc. $ffifrb 1 0 0 nm£lt*vM)HrC0> 



[0091] mz. immicr>t&®mmz~y^x, m 
m<r>mmft'<fzmzmm-h. 07, 08. 09a 
1*01 oii. m&Lammk&tT**). &mw> 

[009 2] ZZX\ it®Ml<r>Wm. 07. 08, 

09x1^0 l ofc^-rj: 0 te. wmue. * 

[0093] SDfe, VOm 1 (Ct5»tS^ttftl«gE<0ffl 

xixv\ »(=. #sft®®i. »ms^gi5»^ffi*f3 x 

1 0 19 cm- 3 -C£>9> 3 F^FStiSK<oa^(i* { 2x 1 
iSSHK^at^W^l^iia^^fcifc^.. 2»S 
[0094] ifcttlSiWitetev^TIi, 07&t/08(C 

fiTIi, T--;W!SIS:jrrc: t (c «t 0 . ±SE<0 J: -5 =5r 
[0095] tt«Wl Tli, iK»«K&tfKX«XOJi 

mmzm\, & c t c i o , ^~j±a ( < 

S) ^^ffiW^lfi. S^cOf^. *<D(BL JSfii, 
fftf&t, 3RT«Xi«ttfcflrFS*4. **5. *««(= 
[00 9 6] ^(cje^r^-jfc* 4 . 

[0097] ( y Ttfxtzi. iw&tiut) mz, 

-5-Wte*^01 1-014 
(C^-^. ^rfc, #0ttJcO "nitorogen carrier gas " Ji 
A*W?Sr* L- . "hidrogen carrier gas" JiitRW 1 Sr 

[00 98] 01 lHGaN0Ciitt*jfcgaa (R 
J* ) «0»> x /Nffirt^ffi SrS1-0T* 0 . ]RIP <0iirt*ffi 

•cfcs. MWi, mm<D%$Mm?m£t ( sem) t 
ioai^sn^. mmt. *?*^mzmhfix<n±M 
m<mmm.z "front - 1 lx^u -mmmm. 
m "back" kLXmLX^Z. *tx.>ww&vm.\± 
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"center" fctT^tTV^. mmtZXHZ. SWJ 

wmmmt. "front " t -back- tmx'vtm 
iz^-t^x^h. 

[0 0 9 9] 111 2liGaNStCteftSfi!t;*3iS (R 

mmzMfcth. mm±. GaNso+itmrfcH-s 
(m/tiMm) t*t. wmmt, m 

zxoiz. Mftma i o o or- 1 1 o oicoicgaK 

£TGaN®^&ff#B&-5rCfc£>. -2N JttMl 
tt v 1 0 5 0°C- 1 1 2 0«C{C^*aS*«±A<S(COit 

[0 1 00] 01 3{ipMfS?IJ118, 19(C*5tt£7 

»> wses#ufc. & <t-5t. n<*wii i o o o -c~ 
1 1 o o°c<D&%imizx77*T?i&mm--%X'b 
h . -if. itmm i ul 105 or- 1 1 5 orte:^ 
i&m^tfh iz-otix 77 * r ?ms.tfm& lx v > & . 
[ 0 1 0 1 ] a 1 4««aaA (?77K) «tcjav^ 

tlhG a A 1 Nlfcfcft&A 1 «^C0^xAiBrt^^ 
^-fHTfcS. IKttttAl&jfcHcU (MttHl It 

[0102] W±c7)Slg«S**>4,. pgfzSSJf 

oiggoHintfji^ zvyfcW&ffc&zX 0 Soffit 
#^&Mg*qftStt-f|;L-0^ iit(5Is§(cS^B6tc 
«Tt SgRfc J: DS&SMtSftTfc 0 . pOOJ 

[0103]-^. xmizmbhrnmcomx-u. 
&&&m>** *) T/fxtfmmtzmmtfAX'&i z t 

Mglzfrmm&UzKwX'Mgffi&mmi 

miz?mtm%mm$m'\<?>7i(.m. fcrnsammmo 

8mtz£&m<vm&Mtk $mtth ztwx-% s. 
[ 0 1 0 4 1 BP*?, *mmmizxtux. &m<o?m 
mttmtix&mmszim&cQfnitm*)^. p 

ware*. u-?mt:%%{t$it. n=m&**m 
izm%*-£. msm&fotzitzzbwx-zh. 



m&Z£> f )ft±%*thZbtfX'£h. 
[ 0 1 0 6 ] £ *£imi&1iZ£tUi . i^r-v'J r 

iz^xawmxxizxvmitami, mx** 
ff)M g \,zr>ux\tmi}^z x <om\tixmmz<m 

LXMgZ%mm*K:%A2-£%<?h<DX\ ±0- 

m g<o«tt-fb^isi±5:i25 ; t & . 
c o i o 7 ] tt:. xmamtzxtux. m.m#x<o$z 

®W,Zhi<r>X\ Mfg#5te«fc9^$:<TMg<0:rStt 

mmihtihmnwat , §£#2 o o ofiu o t 
£ < t m g nm#x<mmbwbixh&&&mk 
*m\-x-*?>tz#>. mmttcftmimzmi^imiz 

tfX'Zh. 

[0 108]*^:. *mmmzXix\i. plln, A 
1, Ga, B,.,.,., N. P„ As,... B (0<x, 0 
^y, OSz, 0<x + y + zSU 0<m, OSn, 
0<m + nSl^tf) mcDfc£lg&t LXl±. 500 

r:Tim2 3ox^)mmmzh?><r>T. 5oo*cj:ofc 

fc . 1 2 3 orj: o ^nmh^xfm-m&mtzix 
&^m®&tzm\-x'%z,fz#>. m&uzftmmki 
mt^mmzm-tz z t vx-z . m&imngfe&t: 

fo±.*itlZbtfX'$i. 

1 0 1 0 9 ] £*u *HM»«OgjtlSo^tt(wW 

iximi i~ai4Ci>^L3tiiOTfci.. 

[ o 1 1 o ] wh. *mjmtzxw . n^ffirt^ 

Kif«^agffi#tt*^-5:l,-«7)T\ (run to r 

un) izm&imMi^zttmzm??*. 
Km* *) wmmmztnz. % B^itsr t (ai±-e& & . 

[0111] *Hj5|^®«±, ffcfcfcit'v pS9£ 
e^#T#S<7)T. "^i^NHrt^Aft (run to run) <0 

[ 0 1 1 2 ] ifc. «e*tclt^. 
AICfflV^GaA 1 N«<7)A I 

h. 

[0113] *t:*t>iz, ^mmmt. aaacit^ 

$r 4 o - 6 o x:wg. i> <£T? * h z k W $ 

h. HP*>, 86*, ffi&f$L%cr>I nGaNMWi, « 
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$m-tz>zttfx-zz>. 

[oii4] (*2*guMfli) iJctc. *mm2<?> 
mmBmhz¥mfc]y— nz-o^xwmth . 

[01 1 5] HI 5Ji^<D¥&ffcI'-lF^i*:Stfflr 
BBH-Cfcl.. dco^^l^-ifti. *7T-r7»K3 1 
±fc, /<*7rJi3 2, nMGaN13 3, niAlG 
aN«S8£A«34, GaNJg3 5. ^Mft^#F^ 

(MQW) <7)i§tt»*B«3 6. GaN!37, plAl 
G a NmSS&AJB 3 8#»£S;h.T V >6 . 

[0116] ZZX\ nSA 1 GaNmggaAl3 47!» 
SpSA I GaNmSStaA«3 8(i, iSffittOGaNJI 

[0117] pSA lGaNm^aAfl3 8S 

t^lSSl<0GaNJi3 9^±{C<i, P MGaNJg4 024. 
tXpSGaNny^7hB4 ltfMt&MTtit. 

[0 118] p!GaN3y??M4 l±Wi. pi 

SHi5^nSGaNji33±Wi. n{fflmffi42*^ 

[ o 1 1 9 ] Kiz. &±c?)£ ozmftu-^mmx 

[012 0] *-f, -9-7r^7ffig3 1(±. «tt8tt& 

ss»m?ii.&a^» ssi 2ooxre»i o#o, if 
yT4 7wmmtfm*vi'>?ztih. mz. 
m 5 o'ctx-m&ztL. yyrJT&m iuztu, 
?Tm3 2imtf&ixh. mzmtfi ioox;a-c# 
mti, xmn sl/jk mm&5L/-ft, tmgw 

100cc/4h TV^-Tifi 1 OL/ih ^7^5 

NJf 3 3* J »2jumC0J5^^«$ni. <> 
[0121] S££ 1 1 0 O-CT'fltfSrLfcltfS 

■C, TMA5 0cc/-^gS*$-^15^3ni.Sifc 
tJtoTnSAl GaNSS5aAa34*^5 0 0nm 
*>«$fc»Jfc5*lfclk ff£TMAO{ftte#f?jtS*U 
^ 1 0 ^H^i^T-G aNI3 5*^2 0 0 nm(0« 

[0 1 22] iJcfc. TMG<D{ft&#f?it;S*U 
#7 8 0X:*m&£il6. COlSJST. TMG#10 
c c/tf\ 7^-7**1 0 *£#3 0 c c/ 
4h g£* J *«>19. 7L/#*fi$*u dO+CTMI** 
gift 1 4 0 c c/#fc 1 5 c c/tfitOffll^Cft 1 . 

5w^2a®m&Lmmz.t>ixxmiiti. mk 
izi 5cc/ttX'3fim&te$ixhztizx*). zm& 



irWpm& (MQW) o«ttflWB«3 6*gB«S*i6. 
[0123] *#*<4 0 c c/4h 9 . 

9 6 1 0 L/#c9g£*TsS3:ft.& 

1 1 oo^i-e4#wt-t#ia$*u. nw 
?>t\ znmzx'mmmimmx'h&z t tfmt l 
[0124] at. 1 i o o-c-cft#$ft. 

*«5 00cc/#. M#*<14. 5L/#\ TMG#1 
00cc/t, m-WlOL/*, Cp 2 Mg# 
5 0c c/^SES-C^ 1 0#l3{ftte$;h.T . G a NJI 
3 7 #$iJ 2 0 0 n m Xm&Ztlh . 
[0125] £hCTMA#5 0 c c /jWfcJLX'V) 1 
5fliSM;i4>ft6£M;:J:^TpSAl GaN«gi&A 
«3 8* { #5 0 0nm<7)ff$£J&££;h.&. tot'U ± 
ffipM*£^7S!£<9#^SIMfm j r U 7#*li 

*mbLtz. zamxmmx-ffi&t. mocvdh 
mfrt>m&L. ^*n^cvD^s^T«®t:<§2 0 

umOS i 0 2 KK, ">X/\-£RI 

E|g»*il;:«£. ggpgBtfBC l 3 ^'x^JroT^lMf 
Miz^ yi-ym^^tih. zoxofciximztifz 

^xj\-imtfM o c v vimfim-tT? -±.izim 

£*U g^3 0L/#<7)#Ti 1 0 0-C2 -C#lB$ft 

[0 126] i&gl 1 OO-CT. *?it#500c 
c/#^m%tfl4. 5L/#. TMG*5100cc/ 
4h 7^-7*<10L/^ DMZ (^f^y'y 
7 ) 5 0 c c /fl-OSSTgJ 1 B§ig{£&£:fU i MG 
a Nil 3 9 J: •} nl A 1 G a N«S8£AJf 3 4 *>^> p 
lAlGa N^StiA^ 3 8 tX'tfWiJmb Zhh . 
ZCOX 0 % i SG a N^O^J: , 2|s|W®-C»ip{-9- 

*y&x-t%zb iz* ixmtt 

hZb^mX'hh. mi-l$, 7K*T(i20 0keV, 
1 X 1 0 14 cm-i<r>&XX'm%tZ>ZbtfX*h. 

[0127] mz. i o ox:xum^ixrzi 

t . *^ 3 0 L/#T» 1 ^raSJ?^, P MA 1 G a 
N«S5aA13 8±C»-9-Ci>^ S i 0 2 ffJi>y1-y7 

[0 1 28] aS*<l 1 0 0-CTfi^SiXJti 

^5000 c/^j-, 14.5 L/#, TMG*< 

lOOcc/^ 7y*-7*«10L/*. Cp 2 Mg 
*!50cc /^DSfiT*!) 2 7 ftffimZtlX s pSG 
aNS4 0*^9 0 0nm<T)Jf$t^$tl?>. $ h 
C p 2 M g*< 1 5 0 c c/#KSSffl#tSfln§*U 3 
P SGaNS4 l*fJftS 
1 0 0nm-C»j£$ft!>. iO«MS««&if«>IOT 

(TMA 0SV4 1 Rfcli. 3 x 1 0i6 c m- 3 
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[0129] mz. TMG&tf C p 2 M g«9tt&#f?ik 

s*u s«?as* J gia^mia$iti>. *r*fu i 10 

0'C*»^> 3 5 0'C^T'<±*# 5 0 0c c/fl\ g# 1 
4. 5L/#. T^t^l 0L/##3I 

fii^tt. 3 5 o-cx-Ty^-Tem&tfWfcZiih „ 
[0 130] c:coJ:dfcLT»fi!c$n^J/— ffilJgS:. 

MocvDgM*^3jxoast. mw>ikmm&<?xrt 

vfmZk'&m^X. nSGaN«3 3(CStLTIi, P 
t (Jg§50nm) . Ni (f§50nm) s Au (J? 

tOn||fi4 2fcLfc. — pMGaNJ!4HgJ 

HfcPd (f$20nm) „ Ti (H$30n 
m) „ Pt (Jf$20nm) , Au (Jf£2;um) £jg 

isu g**5oo-c. i ttfflcrgmmzmtz t tzx 

ZilklZTHLti&Ub . AK Sc.Mg, Si.Cr 

teat <mmvm.WL\ m&&®%t'z&m&Tt> h . 
[oi3i] w<z^ z<7)u~fffimmwim*t>x?7 

z<^x dtziTimztitzimftu— mm4 2 
onmx-msmuz. ttz. zmwmmEte 

4. 7VTt^V^«a?5SI±3kA/cm2 -C&ofc. 
[0132] _B£U: J: 5 tc»20HJt^mt:J:W^ 

[ 0 1 3 3 3 %2<rmmm.<mmmt tx\t. 

2OC9 P SGaNJ|4 0, 4 1 Sr^-TS^Oi^^ U 

JJ£L£j&fcS:#fc:fcVvC N TJI«9pSGaNl4 0<D 

<0 P g!GaNJf4 10^{£frt. ±*-v UT^XSrg^ 
£tfJ9#i.. L*»&?£,. Cl«0pSGaNl4 1 Sr^ifcL 

t*>. *wntmmzm\mgismmi)mt>ix&. 

[0 134] T««0pMGaNl4 0O®^ 

tMg*<«tt^ix^<rt>. &JJfOpgGaNJl4 

i<^j£«£. 1 i o ovtft&X'biti 

#>. i>i»sco^«ia$!)m*«Ti<7)paGaNi4o^ 

ffl-tl>t^i:«aS$^. £fc. JJf<0pSGaNJf4 

[0135] (^3onmis) i&m<m3<r> 

[ o i 3 6 ] m i <>\tz.m.%74*- vconmmt 
wmmThz. c\<m%y4*-m. mourns 

i Cg«5 1 LTiJ 1 ?. MS5 l±fcGaNfc S i 
Ci:*<l : 9T*ttU:aWEJI5 2jWtt*3*l, mm 
5 2±iCnSGaNJ15 3. nil nGaN$Bfcfll5 



4, pSGaN@5 5^iOWiT'«Jl$il-CV^. 
SflSK-A'yMi, nMGaN«5 3**S i, pSG 
aNS5 5« J MgT'$>l>. nl!l nGaNJf 5 4fcpl! 
GaNl5 5j£ft4>«0*±*-\' V TfiXt LXgmtf®. 
Mf-I^XfcLTry^-rfc^Ga^i:* 4 

mmzti. pmv-j<yhkLximMgmtfmz 
tih. £tz.imMgm<o**oTtfxizit&mtf& 

[0137]-^ nIInGaN154tp!GaN 

m s 5 wwmvfcikwziiii* -v y r#x t ix*m 

tftifflZtlh. pSLRtfnMGaNJg5 5, 5 3<0*-r 

urme<i^-mi)2x i o'Scm-^-cfts. 

[0138] &ti. S iCS«5 lWinfflimffi5 6*< 
pMGaNJ15 5Wip<M«fii5 7jW»RS 

[0139] ^oj: d tzLxnbtit&mmiznmp 
awiit:. pwmoayt-rvtmzimx'Zfczt 

[0140] (£4 <DHSfc»Si ) , *%WM4 co 

mmmmbi^mw^—f iz^xm 1 t«v^n 

[o 1 4 i ] bp^. *iest»JB«i. ft<*M<o»® mi 
<nmmm) Mat* msmm. m>im, 
yyme>^-nvt>>zm >t r^x-e^^gmsr^i^- 

l>^tti 0, pSAlGaNffiS&£Affll8M*pI! 
[0142] «#Wfc[4«itf , tBtfHKC, GaNJK 
^^{c«JO#t^>it&tft{c:, TMG, TMASt^c: 

[ 0 1 4 3 ] » vc . ±IBW^-f flA^^rffifcJ: 0 , « 

(wa-r*. nh 3 *&%iLi'Hiz>%k'coi}mx\ w& 

±\zmzWfol,tztf&mti*hV>G a » In. N^OMSI 
[0144] iKK. MS^SlX±fOI^^X*5-^* 

[0 1 4 5 ] Z\ZX\ Z&mmzmiLtcTyXvWiz 
J:0. pMAI GaN«jgaA«18&tXpSGaN3 

[0146] tlT. JS^^^tt^'^i^n. 

[ 0 1 4 7 ] WT^mffi^JSXS^t'JiM^i R 

[0148] Z(Oit&¥mft\<>~ fii. momAt^ 

wmftxmmmmt hztufix-ztz. 
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[0149] ±a>Lfcj: o izm4?>mmmt,z];tu$ % 

^ST^^^vgttSSH^J-ffl^T, PSA 1 Ga 
N«SE^A11 8&tXpSGaN3y^^Ml 9*% 

t H5£Lb0«Mll*#4£ k WX'Zt:. 

[ o 1 5 o ] %mmmm?<o&mzj: *) . ry 

[0151] fcfc. JKTor rWmT<r)%mAZ-fZ 
dttCfcO. Ga (Al ) N<03*>. NW'f K02BI 
*^<3g£U .r^NoiM McMgtfA-sT^vStt-fc 

JBCkilif* ffllfr9Xv*ffl^T^i«yC. Ga (A 
1 ) NttSftiNOlNf b«0£?L#ife!>U Mg#Ga 
m-4 McA-jTSttftLfcOT, «fi*»*P-1f«> 

[ o 1 5 2 1 * *mmmt. ®2<rmmmz& 

i>&pMGaNS4 0, 41. ©3<DHW®£®;b& 
P SG a N J| 5 5 *KH vt fc |g]«fc«ffl TOTC* S . BP 
£:h.£pSGaNJg4 0. 4 1, 5 5£T7X-?£ 

m^xmfcLxh. xmmmtmmizMgcomm 

aSST^X-?, i»aiftT5Xv % v4 ^u&t^Xvo 

[oi53] msM&mm) 8±tt* int**& 

t)pSGaN%*NtMHMfca3>??MI(zJ8» 
fc*&«*«tt»BT»r»fc. ifcfc. m5~m9£7)Mfi 
J»LT. In^tfGaN^« i (In I Al, 
Ga, Bi-,.,-, N. P„ As,... n (0<x. OS 
y» OSz, 0<x + y + zSl N 0<m. O^n, 0 

<m+nsim) > m*w&i.<r>-3-yf9\-m\zm 
smmmsmmzimi. m^xmmmtmmiz 

»a us* 1 ~» 2 <?>mmm t Pia^)^ . m 
Tw&mmBxmomummtGmh. 
[0154101 7it*m<r>m5<Qmmmmh& 
mmmmm?nmm%mmm*-mmmxb 

«. ^OSflSft^^Sfiami, -9-7 r^f 7S«6 1± 
|C % nIGaN (In, A 1 , Ga,.,., NCTx = y 
= 0)*62. pfGaN163. pflnGaN (I 
n, Al, Ga,.,., N{rC. 0<x<l» 0 = y)M 

PSG aN16 3 fc nlGa NJf6 2 1 T'P n&£rt^ 

[0155] {mumT-tmm&^m ® 1 7 

•t*^Bfl«itCo^T. 01 8 (a) K^-firofc. S 

i Msmtzz 0 . «««c7)ai$^i6jk:?sorM g&v 



(H) ua&>M> 

**BB«Bt*^pSl nGaN«64fe««|Lfc« 
*Mttfcovvct>Bll 8 (b) KijctJ^lc, mUfo 

izfe-ox^mm&mzm^K . 

[0 15 6] *<3|6JR. WH*»feix&»4J:5l£. pSG 
aNJ|6 3&tfp£l nGaNJ|640pgJ|0MgttK 
#5xl0 19 cnr 9 <7>fc#, t&fc flBfK,fc&p 
SGaN«cO*§ISIK#8x 1 0 19 cm- 3 t*5<0(:M 
U'*WH«Bt*>. pSInGaNl6aVpIGa 
N/16 30m^cXaKUt6 X 1 0 19 c m-«T*&. 
ClWfflli. fg**>pSGaNJ|0>jftJtflL mm*X'7 5 

ox:x3 ottf8nm®itBit:m>*mg&kizi,m 
-mx?>&. 

[01 57] 4fc. BatttLfttiftt. pIInGaNl 
6 4fcJU SBffi&0ttSiM»S5 x 1 0 18 c m-»JBTT 
Slfflft:£4>^ig&#5X 1 0 19 cm-3JaTTJ) 
-jT. ^IMM>^ 1 0 0 nmJjU^V^SA»^S« 
MtClOTC 3- 1 0 X 1 O 1 7 c m-scD^HrtT-aSJ^-fc 
£o-Ovt. BP*.. «Bftifi(C»li. *Fl*i*>3ll5»fc« 
ffiftfcSroTlrVfc. fi!#tf>pMGaNJg«. *M 

ftaoBaa*, jBBffifinKStti&tt:. new 

[0 158] (C-V«|Jg) ai9{±ULhOSIMS^ 

n G a Nl 6 4 UBS 'J y f-eDJWWOS*-*- 6 fcft, 
as gr ownXt>1&Mi<r>pWak%h. Z<F>k* 
COpMGaNS63»±. H^rTS <}: 5 as gro 
wnTffiJgfii^pSii:^ 1 ?. *W«(5. 4X10" 
cm" 9 ) (i. S!*ffijiCOpSGaNfl (a s grow 
n-niKSttJt) OlUttt, iWtMW 
«i*ttl:HB*U>. BP*>. I n**trt»IWMiT* 
^pSI nGaN16 4SrUltc;<ii.^T. Tl^Op 
SGaN«6 3+^0**^E'9ji4il* i WJ8fL. M 
g<0vgtt^* J {Ejt8iti. b*tt>iLb. 
[0159] (SSB«Wt>*«. Hl7C*^*»«f 
B2 0(C*TJ:5tC. pIInGaNf64t:ft 
£T\ nllnGaN (In, A 1, Gaj.,., NCC 
0<x<l. 0-y) Ji65tfLUIfclliTfcJ:v\ 
[0 160] *5gHffl»gJi. P SGaNl63t 
pSI nGaN16 4«0^C. pSlnGaN164J: 
>)t I ntfOflg^Jt^ffiV^pSI nGaNJK^ft$«T 

»»t. mizm-m&ikz>j:dtzixtk\,\ 

[0161] 4fc, 02 ItCSrfidK, TVF-Ti 
SI nGaN«6 6$rS«EAT'paGaN^6 3UIG 
aNS62tfp i n«^«rJftftLTt»«fcV\ 

pnSf^Up i nfi^W^S-JSfflLTt«t 

[0162] B2 2(3F*M:5e. ^St7*o 
y<OSJ«<7)/c». naGaNfl6 2fc^7r>frS«6 
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Ikcomz. GaNA-y7rJ17 1-^Ty h'-7X»in 
- I!GaNJg7 2l-$jftLTiJ:V\ $4>fc, TVY— 
nW-l nGaNJf6 6<7)TJlfcni[A 1 GaN«73 
£»JftU TVF-riSI nGaNa6 6tf)_hJffcp 
SA1 GaNJI7 4£Jg]£U ClixkffiA 1 GaN?5 
•yFJ173. 74fc7yF-TiSl nGaNI66t 
T'pi n LTt>iv\ 

[0163] mtemam) 02 3ii*^com6 
»wiat*r* tmr* 0 . -9-7 r a twsls 1 ± 

fc, T>-H-rGaNT«yi8 2. nIGaN3^; 
M8 3, TfK-TI nGaN?SttJ184&tfpSG 
aNtag^8 5jWfft»j£3tLT»&. 
[0 164] pSGaN«aSEAiB8 5±fc{i s 
a»0n£GaN«Sift*J|8 6#SKttl30ft3*lT 
US. *fc. pMGaN«SS^A«8 5±&t^naGa 
N«8HKWI8 6±(Ctt, plInGaN3^?M 
8 7jWMUJ*ITV*4. 

[ 0 1 6 5 ] ifcfc. fiLh«)Jt d*«Hfc««(B6*^rr« 

[0166] z<omimmmwm?u. 024(a) 

(^tiat, lHmtf>MOCVDj&ftfcii5. -9-7T 
47S$81±fc. 7yF-7GaNl82. nIGa 
NJ183. 7yF-7GaNiSttJB84. pSGaNf 
«26*Ji8 5. n3SGaNttSBfBSJl8 6«<n--4-*V : 
A*-rt-C^8Wfc^§<VCV^. **>«L 02 4 

<b) fcijrfidfc. n£GaN«aft!M8 6#ffi# 
fWCXyf-y^nNtiftil.*. L*>&&. 02 4 (c) fc 
iti^C, 2@aOMOCVD^* (ftftJl) fci 

0. pIInGaN3y^M87«?nj. 

[0 1671&&. pSFwtyFfcte. MgXIiZn 

[0168] a±««a**e: J: & fc . gjfcKfci 9» 
jfcsftfcp^l nGaN3y^;M87li, mm* 

<KglS<7)pSilt=5rS. 

[0169]**:, mS£jftJt£-£fcp£GaNtSK 
&AS85<03*>. iJft0nSGaNma[7'a-y7«8 

6**&*s*tfcgis#. w*Mf&mtzmmiH-*>'*- 
m-mtaLx^fcma, c-vm^.co^m. 77*7 

^ffiS* ? 3Xl0 18 cm-3(0pMffiffi*a«Tfc->*: (S 
IMS#*r<7)|§3L Mgjig{±2Xl0 I!, cm-3Ti>^ 
fc) . 

[0 170]-*, pSGaN«gSaAS8 5«3*>, 
nIGa Nm857n >y 7 1 8 6 TWWifclWHlHjft* 
+fcpfflfflB«i:li*Mr*»->fc. 

[0171] J^Lfci dfc^WBBWfcifitf. Ws£ 
^fcr«t 0. Pffll nGaNay77F«8 7 



[0172] (samoD sgmfflgBoMtttt* 

025fc^ti5fc. "t7r-rr«R8 It, 7>F- 
7GaNTW18 2fcO(atC, GaNA' 7 7rS8 2a 
HMtrfciv*. *fc, 02 5fc^rf idle. T>Y— 
71 nGaNvS14184t nffiGaNny?? FJ18 3 
fcOBfc. nSAl GaN«8SaAS9 liSrfgttSfcft 
.fc. pfflGaN«BfcWi8 5fcfM.T* plAlGa 
N«g[iiA19 5Hi§£Tt>iV\ pSGaNt 
ffiaAJM8 5X«pSA 1 GaNS8£i£A® 9 5<Wf 
irC*>. nSGaN^S^Ji8 6X{infiI nGaN 

[0173] (m7(T)msmm)m2 6^WM^m7 

J>'?.024 <a)~(c)&tfH2 5fcll-S#fcl± 

m-®*&m,xmmz. zwmu~m* *ry 

r>f7a«81±fc. GaNAy7rJ|82a. 7>Y 
-7GaNTilB82, nMGaN3>77 FJI83. 
nlAl GaNf$iaEAJB91. 7yK-7"GaN^ 
HJ192, MQWlSJi^TyH-TAl GaNffitt®9 
3. pSGaNXM FJI9 4. P SA 1 Ga N«SStiA 
895. pfiGaN«aKtWB8 5*WJWR«Sih.'CV» 

[0 174] pflGaN«»aAJI8 5±fctt. nfiG 
aN«BHJMI8 63WBRW(c»Kt8*iTV^-. *fc. 
plGa N^SE&AJf 8 5 _LMtf fc nlG a NCS®^ 
«86±fc«;. pIInGaN3y??M87« 

[0 17 5] pSI nGaN3y^?M87lC(ip 

WMtiteiltz nSG a N 3 M8 3±fc«n|ffl« 
S9 6jWMUtflTV>*. 

[ 0 1 7 6 ] ifcfc. JJUbOi 5*3^^--ftf>8Bi# 

[0177] 027 (a) fc^idfc. -9-7 r 4 7* 
$81<7>±fc. MOCVDj£fcJ:9. 50nmJP<7>7y 
F— 7*GaN (In, A 1 y Ga,.,., Nfx = y = 

0) A.y7Tfl|82a, 2jumJ?0)7y F-7*GaNT 
HSJ182. 4jumJf<0nSGaN3y77FJ18 3. 
0. 3/zmJfOnSA 1, Ga,., N (O^q^Dl 
9B&JI91. 0. 1 /z m* a F 
J19 2. In, Ga, A 1 Nj&»£>2r£8fHRJ? 
0. lz/nKO^aM^Ffi^^^ryF-n n 
GaN?£ttJf9 3. 0. 1 //mJfcOpMGa HS 
94. 0. 3//mf<0plAl, Ga,., N (O^qg 

1) mS5i£A!9 5, 0. 5^mJfiDpSGaN«»SEa 
AJI85. lx(mJI<0nMGaN (Al, Ga,., NT 

q = o ) mm®m8 6tfm&mz£ o*«s<i*. 

[0 1 78] ^45, nSO^|i6!l?)??S»±^7v9y (S 
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iH, > ^mxizx*). mmmztii. mmiz. pm 
<cp 2 Mg) vmxx.s.'). mmmtiz. 

[0179] mz. 027(b) iZTfrfi. o fc. nlG 

*>rm££ 0 PIG a NSaaW18 5 £«HffiKSg 
Jfi$-£l> <fc a K&#fWw nlG a N^rS^18 6 

[0180] ttz. P SGaN®S£AJ18 5_fcMtffc 
nlG aNm8SK^«8 6±*C<1, 02 7 ( c ) fcijcf 
JrdCC. MOCVDfttCkO, 1. 5//m«<9pSI n 
GaN (In, Al r Ga,.,., NfcT. 0<x^0. 
3. y = 0) 3y*7M8 73WBj££ii!,. .TOfc 
£ . j££iajKli7 5 or~i 1 0 ox:i: I . HCfW?> 
|j mta^^ffiiv ±=3f v y ltji 
grnxxim^x^z. 

[0181] ZZX\ t#^if>x/\<JMOCVD^ 

^Koajsti, ss»wtcsio 2 m\,z&~>x-?x*>7 

3*U 028 (a) fcjjc$\jt3fc, nSGaNa^^; 

has s^-c^-rsai^^xyf-^s^. 

[0 182] T -i 1(1, GaN^ 

8 2 a~9 5 ^tt«L^ffl3tR*fMWS«W^ 
fc±0s 10 0/*mgj£«J5$K»j£$fU>. 

[0 1 83] 028 (b) IZ^tXoliZ^ n!GaN3 
V99 h*8 3±tC0!lttfT i -Aume&mizX&ti 
im&9 6im®.$tl%. Lfrh®, 1X??>S i 0 2 
mtm^fl. 028 (c) ^i"J:d^ pII nG 
aN3y^^M87±t0UxtfPt. Ti/Au. N 

[0184]3Nfc, CICir, pIInGaN3^;h 

«8 7 tmmmmm x 1 o> « c m- 

0. ^ffi^HS^5xlO'9cm-3jaTT3iO. ffiJS 
[0185] «r<^)j:atf#4»^l3f>x/N<iX^9-<r j ?> 

<7>1-yTt:JffiZ<?)XTJ* (7-f-V-7t— A) fc-r^y 

HBJ^G a ftf%&Ztih . 

[0186] .1 cO^gftk-lf Ji. 5Bfcifcf|4 0 0 n m 

fc. 

ioi87] imuzXo £*mmimzxtui. 
tit*, rn-txztmfct&zt&xzz,. bd*>. * 
mmmizxtus. ^<mm^9^-^mmzm 

99 Ym<n^%<r>W)V<Mzmj^r9^r9<n^mt 

ttmmithztwx'zz. 

[o 1 88] £->x. mwmztmmmm<^ifz 



miz j: imvm^mm&^x'vm&iz x 
hm?m^<mT*ft<mmm&hz t 

[ 0 1 8 9 ] £ fc. ^ffi^S^aiS. &£aft*i&K-C 

[0190] ?f>C, pSK-^ybOffli (Mg 
30 , pminGaNay??hm7(?>®m (50n 
m~l 5 0 0nm) -^I nOjfcfrJfcx (0<x^0. 

3) . df+'J7#X<0«g (^^^r^xrsr^- 

tfK^x. gmtfxfr vrtfx) mm. 

im#X : 5-2 0 0 0:1) ZfiMV) 

%mi*nzt>i<?)x\ &±e>m&®%&ovmizm% 
[0191] (%3m&.) *mm>wn?)%jm 

mt, m29lZm-t£dlz. lHIl<OB!c^tJ{tl»pa 
G a N«SS&AJ18 5 aWWSilfcflBrcfc &V%. i<0 
2@B^^cJ:'9^$iil»)Hi, 03 OIZtp 
t£olZ. P lGaN|85atpSlnGaN.3^ 
7 h^8 7 1 02««)tT'*-5T {>^l\ 

[0192] (m8<ommm) mz. xmfrmsn 

[ o 1 9 3 ] 03 i »±^o^#:^— f nwmfen®. 
Zvk-mmmxh o . 0 2 3 1 ra— as^tcti r— 
ttLxmrn-tz. z<r)¥m&u-m. mmmmm® 
mjrtimx'h*). ^yr^rmmsmz, rv 

H-rGaNTt6)|8 2, nlGaN3^?h|8 
3, T>Y-Tl nGaNvgffiI84&tfpS}GaNm 

[0 194] pSGaN«ffiiiAJI8 5Ji:. SHRx>yf- 
yrtCiO'Jvy^^ixTV^. iTt, pIGaN 
S^aA«8 511, »J v ^[-<7)a5«-±t«i!:c7)nfi I 
n G a N€8BK^a*6Jl9 8*^W(cm§tlTV^ 

pMGaNmggjtA)i8 5coy y^'±&t/n 
SI nGaN3KWiiy>l98±t(l. pSI nGaN3 
y^^hl8 7*^?ilTl^. 

[ 0 1 9 5 ] mz. a±.<7)£ ozmmmmmmmzn 
-rs^^ix— ^ffmrnmBt^^z^xmm- 

[0196] d<0*««cU— Wi. 032(a) fcjjrf 
l^tc;. Illli0^*(c«k0. D-7r^T»«81± 

fc % T>-K-7-GaNl8 2, nIGaNl83, 7> 
K-TGaNvgttl8 4, pSG aNH8 5*^-^ 

w<-rt-caa«w:»j«sn*. -eot^ 032 (b) 

iCTKtXolZ. pSGaN18 5*^«^x-y^->-7' 
^*$nrU-yv^jS$^l». 03 2 (c) iZ 
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Si0 2 ^7X?99W|. 
<7) P SGaNJg8 5±tcSiR«S$itS. 
^9 9*^*$^ 3IUacDj££{;:J:'K H3 2 (d) 
J^tC. pII nGaNl87#pMGaNJf 8 
5<0'J viSl&VnSLI nGaNJf9 8_b{ygl£$it 

[0197] KLhcoj: d%mvimmm®&b IT t . 

[0198] («NK ) =5r*5. *5«?SU7)?8&li. 
033(c^J:d(c. -*7r47*&8 It. 7>-F- 
7*GaNTtW8 2i:C»e > GaNA'77rl82a 

7*1 nGaNJSfil84i;nSGaN3V^^M83 
t<0H(^ nSA 1 GaNmSS&TJf 9 1 £&f7l>i£ 
fc, pMGaNg8K£UI8 5fcfUT. pSAlGa 

[019 9] pSAI GaNmiSeEA«9 5^ii 
nil nGaN3E0G&ftJ|9 8fc:ft;lT. n 
fiGaN*3HBaft*kUTflWLTtJ:v>. B0*>, n 
SI n, Ga,-, N (OSxSl ) Xflfi&tfeJI 9 8 (Z& 
ivt, I n0»ft#itx*OJ:l/t(>J:». =Sr*5. nIG 
aN£f£ffl-th3\ pSAlGaNmffi&/U19 5KnS 

[0200] (%9am&m)m34\&gffl0>m 

»0. 03 2 (a)~(d)awa33tH-«»fc:li 
HHWtfLTBHW&. -KT^fl^-- fli. -9-7 
T-f7£«81±fc. GaN>»N'-y7rii8 2a, TVF 
-7*GaNTJffiJf 8 2. nlGaN3y?;M83. 
nSA 1 QaN«St£AJ|9 K TVK-TGaN^ 
FE9 2. MQWtm<r>7y F-7*I nGaNvSttJI9 
3. pSGaN^T-f H®94at^pffiA 1 GaN^SSa 
A® 9 5jW«MB|*S*ITI**. 
[0 20 1] pMAlGaN«iSjiA«9 5±{i)SS?x 
v1->7££9V "/ : Jiffif$.%tlX^Z. plAlGa 
NmcSSAJf 9 5 « . U » J^r^Stf J:fc«gt<9 n S 
I nGaNmSS3fe«a^>J19 8**SiRWKft&iK$*lT^ 
pSA l GaN«SgaAfl9 5<0»; vi?±& 
UnWl nGaNftgfljitoJf 9 8_B:{i. pflnGa 

[0202] pIInGaN3y^^M87it:lip 
ffi9 6«K£ix-Ov&. 



[ o 2 o 3 ] W±<oJ: o%mi$toi'—fe>W&l3 

[0204]mymmzm35 (a) C5cf J: dtc. V 
7r-fTS«8 1(7)±t. MOCVDS^«):0. 50 n 
m^cOTVK-TGaN (In, Al, Ga,.,., NT* 
x = y=0)A 7 7Tl82a 1 2umW<r)T> K-7* 
GaNTifel82, 4xim)|(*)nIGaN3^;H 
83. 0. 3//m)f<0naAl, Ga,., N (OSqS 
l)«a&A/19K 0. 1/xmJPuOTyH-TGaN 
^FJ|9 2. In.Ga, Al,.,., Nfrt>%&mt 

mmo. iu m^mm.'f-^Fmm^h r> f-t 

I nGaNjSttJf 9 3 . 0. 1 jumJI<OpSGaN;5f4 
F«94. 0. 3/mJfOpSA 1, Ga,., N (OS 
qSD SSSJi/Uf 9 5#ms8.mzj; OMJiiJ, 
[0205] &tc. 035 (b) C^-f P SA 
1, Ga,., N (OSqSl) «S&A«9 5±fcSi 

Oj *9 9^t-?-^V:?Tfctfv;**^jMltS*u 
X-yf-^/^tlOpSAl, Ga,., N(0SqS 
i ) masa:AJi9 5tfMmiZ&$tXm;iitlXV v 

[0206] «V*T. 03 5 ( c ) IfZ^rtX jgft 
££££ 9 p£A 1 , Ga,., N <0£q£l)«a«: 
A* 9 5 <?) 'J -x Vtmomi-lZ nlln, Ga,., N 

( 0 £ x £ 1 ) XMktbM 9 8*< 2\2b&<r>$MAZi. m 

[0 207] pSAlGaNm»ggfe>VS9 5'0'J 
•/^±tfcft^Si0 2 »9 9^VX?a'i&*$*l 

MOCVD&fcJ;',. 03 6 (a) iz^f 
J: -3 fc. pSA 1 Ga N?f g[i£Ae 9 5 <OU «y ¥±$.1/ 
*<mW<r>r\m nGaNft38iWI9 8±{;:. 1/xm 
Jf<7)pS<0I nGaN (In, Al, Ga,.,., N, 0 
<xS0. 3. y = 0) msitfMfcZiXh. SriM 
RKfc* - <to t * 0)&L%.m.\t 7 5 0T>- 1 0 0 CC i: 

[0 2 08] jaTtt»B*fc. CWi^Mi, 03 6 
(b) iZ^-tXolZ, mm}i,ZnMG3iNay^^hm 
8 3£X'Tg:?&m£X'X.v1'>72ilt:tk. *T7t4 

rm.8 1 mmtzx *)ioou mgft«s?cf« 

[0 209] i-tlia'C. 036 (c) tC^-f-iofc. 
nSFGaNny^^ h«8 3±tniamfii9 6*^{£$ 
iU PSI nGaN-jy?;? Mg8 7±fcp(Um&9 7 
fflmZtil. =Sr*3. «-€S9 6. 9 7(i«f»P«<0« 

ftfrt>mmmx'h&. 

[0210] «SH^7ao^x/Mi. HU^I§l«t. ^ 
li0f«mrA ( ■7^-^-7^-^) fc-e>7yh$^ 
G a N&k— f fcjUDX^^I. . 



(17) 



ftgm 1 - 1 5 0 2 9 6 



[0211] ;«^*u-fii. m&mmzp& i n 
[0212] ±^l^j: o iz^mmmzxtM. mi 

COmfoBmwMktZtol, pSAI, Ga H N (0§= 

q s i ) m 9 5(7) y >y i/gsfc y -/ s^aoa^R^iiic 

5S*>. nl«OIn, Ga,., N (OSxSl ) 19 8<0 

*y K^f* vyx^A^f-try H-r i n g a nvss 
ji 9 3 <7vn> * ruhn^e-x o *s < f * Jt a 

t«j£ x J: o . «SBIt*£mtf»r?& 

[02 13] (NtlOOMItffiDHU* 015. HI 
6 ; H 2 8«flBftWI*l^-ir **«£ltMlft& 

(MOCVD) ifeteAO. TV^-TtiX (NH 3 ) . 
^ra^JSK^f (TMG, TMA, TM I ) ^RVV-rt 
^MEH(Cp, Mg, SiH, ) im^xj&f&tz. 

j|**tHR?ji!*JUt&r <oji zmzm^z* 

■V'JTtfxS:. CO, C0 2 WiggO. 1 — 10 vol P 

pb^«tt^*x*>^s^^yr^t-fs. co, c 
o, (mmseif^fmii*)^^. ztihwFmi 

V^i? hJfttii* { iS<=3rl.«l«il*«S>&. 4fc, CO. CO 
SfcCtSSaggL^jSi (2SS7L) £««>*$&Si#ifc!> 

[02 143 pS^«fl^l£cDVi£I$fc 1 

nmmnmm. (mo 1 > it <v/m it) 5-GaN 

«<0^TJi3 0 OOJJIT. GaA 1 N<r>f&MTli3 6 
0 OBIT. {I L I n G a N*¥«fMK>JftJt'C(i 3 0 0 

oobittjww*. v/m ibWJt<otreLhtfc* 

[0215] *msmmz£ vmLKa.mmmfr 
n^zmhpwmmvTt^rtm., **vrm 

JKi*. (ttffi*8-3 250944, ®ms- 
236 7444) . Stiiff^ LfcSS 1 ~*9*>SSI6B 

t pmnxkton y?? h&mymx-z , mwtm 
at. fmmnwmz&gk l&vvc. wm±<r) 

[02 16] (81 lonniSl. 015. 01 
6. 028<O«Bi<VNI«cl/-f^W«^ISiMB«* 



(mocvd) ffitej:9. ry^-rax (nh 3 ). 

ttftftJUKtt (TMG, TMA, TM I ) . SOf KWC 
VMWKCp, Mg. SiH 4 ) *JflWC*Mt**. 
fit, pfifi*******)*, XttnSfi***** 

-v VTtfX*. ?m ( H 2 ) JUEl vol pphHTMHt 
*hfflfcra<*MWW , fc4. H 2 

[ o 2 1 7 ] ttz. pmmmvmnm&vismmt i 

I I^S^Ott^* (mo 1 ) it (V/III it) SrGa 
NJfcOJ&gT1i3 0 0 OBtT. G a A 1 NcDjfcrC1i3 
6 0 OBT. ffl L I n G a N»^ft«cO^«-C« 3 0 
OOOfilTWBftt*. V/III Jb6»±»0«eU:fc«r 

st. MgoT^-br^xtt^^yr^ojSttfl^^fi 

[0218] *nt©est<}: vimizmim&m 
m?irzt5\fz>pmmau*<DT7-t7m&, **vr® 

mt. WkM (#ffff s F8-325 094^ > #ST8- 
23674 4^-) . MfcJiW^L^m 1-^9^)1^ 

fcpli«®toay^^ha!it*^-C#. *^<7)l!ifP 

fg^co^S^ 0. <aRtt35^Jltl*Lh-*-4. fi£)S 

lit. SKasis^tBsitffiakL^^. ^ti±co 
[0219] (&i2<?mffimmi<?mmmm 

hh*mfoU~4f<Mm (SltSrf) *T>*-T# 
X. RZ^IAKm (TMG, TMA, TMI).R 
tfF-^yhJSCR (Cp 2 Mg, S i H 4 ) Zm^ZM 

m-h. flu pfis«*^rrs«<o*. x«nse« 

^t'JT^^M^^ XJ42. 5^fi%ljlT<0 

[0220]ftiI<7)p-GaN3^?Ml 9$& 
f^. TMG£0ttt&O»S:<?±L s fflgjaSSr^-Ot^ft 
»L. Ty*=.Tifx, C P2 MsAtnBX^ U7Xf 
Xtl04HBKttM-*. *«atCP, Mgtf)ffi&S:f? 
jhL»"fflRfiK*3 5 0iC4T»fiU 3 5 0°CT*Ty 

[0221] ftbtVKzMTV&gmWp-G aNay? 

?Y-mi9<r)7?-tT?m&zc-vmmz£mmi 

tctZb. p-GaNay?7hmi9<mmk£7> 



(18) 



¥iffl¥l 1-1 50 296 



Afclfc*. lffiCt±ffi^(~lX10"cm-3) -ttf 

fflofc. L*>U i<oa*Hoi-v»tt*JWiUfciC 

wmmEff® 1 1 2fc£-?fc. s i Ms^wfcj: 

0. p-GaN3^?Ml 90B^ffi£l±JSl*JSS?> 
iftlOtetf>Mg##£U:. 
[0222] ftfcfifcaNWU'— fOSmflfefrfWl, 
fcfci4.tW4 0 5nm < i6#lE4. 5V. L#V> 

ttmgg 3 7 m A-cmmgmzm itz. 
[0223] mi 3<r)$mmm) m 1 2<rmnmmt 

ny??Ml9<0$j£&, TMG<7)£|£<7)^£*M: 

u *«jas* { 8oox:fciijm-siTr>' ; E^7«*& 
*-r<?>m&$&±i. cPi Mgts^^ur^ 

<0*£l5#H«&-t*. *(0tik. CP 2 Mg^feJ 

[0224] fl&futSI^Og^fficap - G a N 3 y ^ 
? YM 1 9eDT7*T:?ig££C-V»efcJ: OlPffit 

t-r^Sr3 5 0r^Tfit*&L^(t, ««fitt 

AkH»^ft->fc. zowmn I -v#ft£fWffiU.:fc 

Il#ttff#ft3/5(c&-?*:. SI MS 9, p 

-GaNrjy?? hjfi 90fi*ffi(diSrtgS^5^ 

[0225] m>ti£tmttiu~ f m^mtmrnL 

tztZ*>. i£J|4 10nm s Mfmg.5. 5V. LZ^ 

iimg54 5mA-c^iaa^fiUc. 

[0226] (mi4e>m&BM)mi 2(r>m$mmt 

isi«o«^av)Ssi^£fcfc t >r , mm<r> p - g a n 

TTsmaiL. mu&m9 5 0'c\z3mLtzt>7> 

^-TtfOttl&^ikL. CP 2 Mgtm.m**V7#X 

-ynm-h. mmw&ffioo-azmmuzhcPt 
io22i\mt> titzmm&mwt) p-GaN3^ 

7 M 1 9<97?-teT*«Jg£C -VSI^J: ijfMiL 
fefc-I^ p-GaN3^?hSl 9<0J&Hf££7y 
t-T<7)^S:3 5 0X;i-C^L^ -ecOffllWJI^i 

AfcP£^7;?*r*m##£>#l*:. icosm 

vi-vmmmLtztz^ imAat'&y*? 



1 9 co^MtfilrtS?^ 2 0 f&coM g U:. 
[0228] «te*ufc¥SWtEl— ^ f OStfFfcttfcfflBL 

fetd-*), jS^4 0 7nm, »#mE4. 0V, LS^ 

[0 2 2 9]±ie3o^nsi^ffi (jgi 2~mi Acrm 
mm) iZTpt^oiz. mm<7)pm-3y?9\>mwm 

[0230] mi5(ommm) ±M3^commm 
(mi 2~ssi 4conm®) zfcm^vVTtfxzm 

[0231] (mi6cmmm)mi<rmmmzi& 
m&x<r>mzr>±-Tii^ mswmmm <t 

MG, TMA, TM I ) „ fttfF-'<CvH|ft (C Pl 

Mg, siH 4 ) tflivvoww-*. flu P^fe^^ 

0**V7#Xt:m.mtfX<7)?>; Xl±2. 5gS%JJlT 

[0 2 3 2] SStcScOp-GaNny^hJf 1 9<9± 
mz. p-GaNtp-I n 0 , 2 Ga M N^^il^ix 

2 n mMTvmmx'&mzmiKMwriimtt-tz 
M23iBm-i>. mmpm<7)mm L mm^-f^m2 
3zmmk. TMGcotti£w*£fifihu mm%£* 
mtmzi. 7>*-7ifx, cp 2 Msm/mm* 
*V7#xi2#m&Ks?z. %<rmzcp % Mg^t 

^5:^ihL. »Ki&j££3 5 0'C4-ei$i&U 350X: 

[0233] m^dmwu-^mmm.<n~m 

Mtep-GaNtp- I n 0 . 2 Ga M N Sr^cStSW 
tfe@fS^lSjt-&^rr^»2 3<0g^ffl«*^ nlG a 
Nny^^hil 3tcS-rsg?$*TK7'fx<yf-y7' 
Sfc:J:OI^*$^. iixCJ:0Saj$*ifeGaN3y^ 
^h®l 3±Cten3!mffi2 0**J&£$*VC^|,. * 
fc. ^Jifil>t^l^*§ilTV^^gi5^0pM<7)@fS^^ 

Jii:^rrsi2 3&z\tw®m<ryrzM>s i o 2 jg2 

1 WHR«K3BK*<t, <T«S i 0 2 Jf 2 lZtVpg^ 

x\^h. 

[0234] ^f>^fe^«clx— f i0^?#ttSrff«L 
tzbZ\b. t54 0 5nm. «rftmflE4. 0V. L^^ 



(19) 



1-1 50 29 6 



«S3 0mA?Sifl3!«58fiLfc. Mmmi&t 
•Spffli]3>^ ; ?M2 3^*{cJ:D, fiV*3V*?h 

[0235] m<rmnsm) *mit. mmx 

Wpitzyy/u^rv <dh) m&nmmmm&x 
iummgmm&zk'izmt*?. yy^f-^m^m 
^^m^m^^y^f^TV ( s h > t,& 

[0236] 4£#?&i$fclL SflSIMMNWIciJBv^L 
5. 

[ o 2 3 7 ] a y 7#xt u-caswKcr 

(Ar)^'JW (He) ^RStt#.X£JH 
[0 2 38] JbJEUfcKBBTtt. pfMttjftftttfcXjr 

m^mm<^mj)z.frt>ts:h*i* y rifxtmwx 

SRO.n£jfj££«£ y 7#X£fflV>£ £ fc 

[0 2 3 9]**$, *m\t. &m<r>mmmix'+ 

[0 24 0] «>flL *#Stt*«*B*]MlL$rl« 
[024 1] 

HWteflMH OkWfl Lfc J: 3 AWf . I 

n. Al, Ga z B,.,.,., N. P n As,...„ 

m*9tmmn&km&, ffifticMf&mmj&f)^ 

ZktfX'Zl. 

[ o 2 4 2 1 a*. pmit^mmmm^t&^) 

**V7#x*0>co. co 2 iOigS^Hj oitg. k 
(c«RB*»ifc (V/lll ) *aj&^4CifcCJ:9. * 



^^«aig*it-cpM®in^iifii|?!i^attfl:L. s 

[Hi i * i (mmmmh*mftis-<?<7)®m** 

[02 ] m mmmizmmziimmttifiz 

mmmmrnkk m ix^tm. 

[03] mmmmtrztiif&mm&nmmifiZTj 

[04 ] HHM9^JiSCt$»t*^li8SoiBrt^^r < 

xru-±tzmiLtc*mm&rt!m. 

[05] RJQi^JBfcfcftSTjcSKRRWiilrt^^T*^ 
XTU-±fc^ LfctffiSHftO^X. 
[06] ^^EM^JB(cfe»tSS«a«(OBirt^^-f^ 

[07 ] itmnzinfimm&<^mm^a mt$ i o 

0nm) tf t 4X7U-±Vttlii'WMM0& 
X. 

[08] fl^fca»t«H^«im^*fcT*xr 

[09] JtWtfettS*^Ha^)ffirt^?:T-f X7 

L*:+|B)flB«etf5X. 
[010] tHSCTfcfc{tsa^iftg<0ffil«}**£7 f ^x 
rw-±fc»SLfc+IBHWM>*X. 
[01 1] GaNJiegfttfMWtt^x'VBrtftffi 
U 7#*fc*#** 'J rXfxfCttSSLT^ 

[ 0 1 2 ] G a N«KtJ<tS«^jSK<0)S#fflJSE«tefiPtt 

m 

[013] pfi©Mifc*jtt*r^-fe7'^a«^ftftia 
*«*ttfrax*-v y 7#*i:**** y7^fc-cjfc 

($UT^f0. 

[014] «S(&AflfcJil»6tl&GaAl NJgfcfcft 
h A 1 tfljfte>'?x"ll||*j#$*aS** »J 7#Xk*3g 

*^y 7^rx t x-tiM Lxnctm. 

[015] ®2(^iS^{C^^«tU-fc0ltjt^ 

^•fBrffii0. 

[016] m3<vmmmz.&h m.y* *- v<nm& 

[01 7 ] ^5^Jfi®®t^S^k«5^l^«s*^ 
fltJtSr^-t8fiffl0, 

[018] NIQS^St:tJ»tsai$*|Si<0^««j«g^ 
^^t¥*tlUStT^-r0. 

[019] mmmmizmhc-vm^^w^k 
itmix^-rm. 



(20) 



^¥11-150296 



[02 0] mmmBBtztsvz>m®fiLz*;tM. i s , 

[02 1 ] mm&miztsmsam&i^tm. 1 6 , 

[02 2 ] nmm&mizmh^m^m-rm. 1 1- 

[023] me^mmmizmmimmmm^ 1 8 , 

jmmim&mwma. 19, 

[02 4] 3$ffiB!BiC&lt*8&lSH. 2 o , 

[025] ®mimmizmz>m®fiL&f;?m. 2 1 • 

[026] m7<nmBmz®&*m&\s--7cvmtfL* 2 2 . 

^rtmmm. 23- 

[02 7 ] mm&m®izm&wm.mm. 3 2- 

[02 8 3 mmmBKmhWMxm®. 3 1- 

[02 9 ] HHtegB(cfctt&S9^fi!t^*1-0. 38- 

[03 0 ] mmimmizm&ismfiLz^-m. 3 9- 

[03 1 ] m8<r>mmBiz&&¥m&is~ ?<r>mm 4 0- 

^mm^m^. 51- 

[03 2 ] R0lteffi^fcfcJt6$?i£l£0. 5 2- 

[03 3 1 nmrnm^zmt^mmmm. 5 3- 

[03 4 ] m9omm®tzm& i mt*i'— rcjtmz 54- 

^■fWffi0. 55- 

[035] mmMBBic&v&WMJLfm. 6 3 . 

[03 6 ] R3M»SK*ift*lBfIiS0. 6 4 , 

[03 7 ] m<r>?m^wv-vmm?*mm e 5- 

[03 8] m^m&mmizmhmimmm 8 2a 

^£*-T0 8 6- 

[tf«] 9 2 

1 1. 31, 61. 81- -IryTATWB. 94 

12, 8 2 "7*yF-TGaNTifcJ! 9 5 

13. 33, 62, 83-nlGaN3^^M 98 

14, 34, 9 1-nMAl GaNmaaA® 99 



3 5-GaN3b5M KJI 
36, 66, 84, 93 -1 nGaN^ttS 
•GaN3t^ KJf 

3 8-pSA 1 GaN^SJ&AJf 

4 1-pSGaN3>^^M 

42, 5 6, 9 6-nfiimfli 
•Si 0 2 m 

43, 5 7, 9 7-piimfli 
•Ga NJ§ 

•pSAlGaN^SaAB 
•HSftWaNf 
■pSGaNJI 
•nS^2HMS iCgffi. 
■W&M 
•nSGaNS 
•nil nGaNSBftl 
•pIGaNS 
85-plGaNI 
87-pIInGaNf 
•nllnGaNf 

GaNA.y77Jl 
nlGaNfSli^l 
TyK-rGaN^ HI 
PIGaNS KJf 

pSAlGaNSSgliA (?7vH) E 
nllnGaN (ffltift) JI 
Si 0 2 -72.9 



[01] 



[03] 



22 PASS a 




CLUSTER 



[019] 



1551—1 



124 



931 





as grown t©7^ tc^aflt 




S.4*K>»cnr» 







(21) 



GHPFl 1-1 50296 



[02] 



[017] 



(a) Sffiffll 



Mg 



5x10^3 



as as 

(2x1 0 ,0 ci>-3> 



as 



SIS 



Mg 



5x t 0 



3?a 



19 H 



S!3 



4X1 o" 



met 



7x10' 



O — 



(SWGJSfc) 



Be s$ 
** 3x1 o 19 e *io» ^mo" 



Me 



Sxi o 1 



(2x1 0 1B ) 



7x10 



17 



2?S 



feBTKfctT 



as 



p -JnGaN 



p-GoN 



n- GaN 



.64 
^.61 



[020] 



n-InGalM 



P-GoN 



n-GaN 



1^7 7<7SI8 



^65 
-^62 



[04] 



[05] 




| 68 - 




54 i 




41 I 




27 1 


£■ \ 




| CLUSTER 


/I4J 


1 3| 








i i ii i 



901 



67 



45 



[06] 



[08] 



(22) 



1-1 5 0 296 



[07] 



[19] 



(o) 



CUSTER 

~3 



| 226 










H E 

< 


1 91 








?t. 


CLUSTER 8 


1/46 


'/X 




^ 0 








[Si 11 




si 



CLUSTER 

I is! 

CLUSTER 



[010] 




~ 2.5 

.c 

\ 
£ 

5 2 



15 



1 1 


r- 


HYOROGEN CARRIER 6AS. 

^ - 


; - NITROGEN CARRIER 
1 i 


GAS 

i 


FRONT CENTER 


BACK 






[012] 




" NITROGEN 


1 ■ 1 I » ■ » i » ■ 
\ HYDROGEN "j 









t i ■ i ■ » . i i . - : 



2 
i9 
1.6 
1.7 
1.6 
i.5 
1.4 
U 

980 1000 K>20 1040 1060 1080 1100 <120 1140 
[02 1] 



p-InGaN 



P-GoN 



un-lnGaN 



n~GaN 



_64 
63 

^62 
.61 



(23) 



ffiSPPl 1-1 50296 



[013] 



[114] 



10' 



P 



I0« 



• NITROGEN CARRIER GAS 
O HYOROGEN CARRIER GAS 



♦ • • 




950 fOOO 1050 «00 1150 1200 
CC) 



20 



15 



10 



' NITROGEN' CARRIER GAS 




NITROGEN CARRIER GAS 



distribution: 



FRONT CENTER BACK 

am 



[SI 53 



116] 



43 P«*S 




[022] 



55- 
54- 
53- 
52' 

51- 



V//// / ////A 



p-GaN 



n-InGaN 



n-GaN 



GaN SIC 



56n««fi 



i-InGaN- 



GaN-. 



p-lnGaN 




p-AlGaN 




n-AJGaN 





n-GaN 


— • 


un-GaN 








[03 1] 





n-InGaN- 
n-InGaM-^C 
1-InGoN- — — 



_p-ln GaN 



n-GaN 
un-GaN 



64 

-74 
-66 
-73 
.62 

-72 
-71 

-61 



-87 
-96 
-85 
-84 

-82 
-81 



[023] 



i-InGaN 



p-InGaN 


87 


n-GaN\ /n-GaN 


86 


p-GaN 


85 

^84 


n-6aN 


— -83 
^82 


□n-GaN 




,—81 



[025] 



1-InGaN- 



GaN— 



p~InGaN 



n-GaN 



Li 



n-GaN 



P-AiGaN 



_ n-AiGaN 
n-GaN 
un-GaN 



.87 
,86 
-95 

-84 
-91 
-83 
^82 
-82a 

-81 



(24) 



1-1 5 02 



[018] 



tnGoN64GaN63 



GaN 62 



(a) *»w 



l<f° 



«, 0 « 



I0 17 



H 

Mg 



I 

_ i 
i 

I 
i 



H 



Oj5 IjO 1.5 
8BS*>t>036 (p.m> 



io 20 



-» | 0 I9 

M 
« 
9 

* 10® 

If 



10' 



Mg K — y 
GaN 



SI K-V 
GaN 



M 0 



H 



0.5 



IJO 1.5 



(a) 



i-InGoNw-r 



[024] 


^86 


n- GaN 


p- GaN 


— 85 


n-GaN 


^-84 
— 83 


un-GaN 


-^82 




-_8I 



i-InGaN** 



n-GcN\ /n-GaN 



p- GaN 



n-GaN 



u n-GaN 



Ic) 



i -In GaN- 



p-InGaN 



n-GaN\ /n-GaN 



p-GaN 



n-GaN 



un- GaN 



„B6 

,84 
.83 

.82 
..81 



-87 

.86 

^85 

-84 

-83 

-82 

.81 



n-GoN 
P-AlGaN 

p-GaN " 
un-InGaN,l 
un-GaN 
n-AlGaN 



[026] 



P MS 





[030] 



[033] 




p-A/GaN x 
un-InGaN.MO' 



83a 



i-lnGaN- 



GaN* 




(25) 



«BPF1 1-1 5029 



[027] 



[028] 



p-GaN^. ' 

u^lnGatyMGWAV 

un-GaN — . 

n-AiGaN 




un-InGaHM 

un-GaN- 

n-AfGafJ 



p-GaN— 
p-AtGaN 

p-r 

in-InGaN, MQi 
un-GaN- — -^S 
n-A<6aN — 

GaN 




p-GaN - 
p-A*GoN 
p-GaN - 
un-InGoM 
un-GoN' 
n-AiGaN 



(b) 

p-GdM — 
p-AjGaN 
p -GaN — 
un-InGaN f MQW, 

un-GoN > 

n -AfGoN 



un- In G<jN, MOW 
uh-GoN-n 
n-AJGoN 



[034] 



(a) 



.i-In GaN 



[03 2] 



P-Gan 
-InGalsi 



\ P-GaN 


^.85 








n-Gan 


-.-83 


un-GoN 






~8I 



n-GaN 



un-GaN 



.85 
-84 
-83 



~w82 
8! 




p-InQoN 

p-AjGaNN^t 

ud-InGoNjWr^ 
un-GaN 




GaN^ 



(26) 



1-1 5 0 296 



[H35] 



[036] 




un-lnGaHM 
un-GaN 




p- AiCaN 
p-GaN 

un-InGaNJMOW; 
un-GaN 




GaN- 




p-A|GaN^(b) 

p-GaN 
un-JnGaN, MQ 1 
un-GaN 



p-AiGaN 
p-GaN 
un-InGaN, 
urvGaN 



p-InGaN p 
Cc > E^— ^ 




GaAl^ 



[037] 



[038] 



7 




as 



Ma 



(Mats) 



MS 



h — 



sea 



as 



rasa 



O 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
□^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 



k2 GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




